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Statistical Suspicions
• Regression approach used is flawed.

– Process of “forcing” terms in phase 5 of regression analysis,
then working backwards and dropping terms is statistically
invalid.

– Process of “forcing” technology group intercepts, regardless of
their statistical significance, into the second stage of the unified
model is statistically invalid.

• Development of baseline fuel properties is suspect
– The use of AAM calculated cetane index values to obtain the

natural cetane number is invalid.

• The model simply does not accurately predict
NOx values for the fuels present in the EPA
database.



Residual NOx Values by Total Aromatics

Total Aromatics (% by volume)
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• Standard deviation of the residual values is 1.174 g/bhph. (green line)

• 95% confidence interval is 2.348 g/bhph. (blue line)

• The model error is nearly equal to the 2.5 g/bhph NOx certification value
of engines that will be produced in 2002.
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• Actual NOx values are nearly twice the predicted values for each engine
in the study, using unified model equations. Four of the five engine
models were model year 1979.
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• The actual NOx values nearly twice the predicted values for each engine
in the study. Four of the five engine models used in this study were 1986
model year engines.



HDEWG Phase II
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• The average actual NOx values are little more than half the average
predicted values for each engine in the study. Three of the four engine
models used in this study were 2004 prototypes with EGR.



SAE 932731
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• The average NOx values for both 1991 model year engines in the study
were more than 0.5 g/bhph less than the predicted value.
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• The model for this study underpredicts by approximately 1 g/bhph for
each engine. The Cummins engine is model year 1990, and the Detroit
DDC engine is model year 1994.



SAE 970758
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• The error of predictions for this study ranges from 0.446-1.576 g/bhph.
The engines are 1991, 1994, and 1995 model years.



NOx Means: Actual Vs. Predicted
 S tu d y  I .D . A c tu a l  M e a n A c tu a l  S td .  D e v ia t io n P re d ic te d  M e a n P re d ic te d  S td . D e v .
A C E A 4 .1 8 8 7 4 0 .0 8 5 7 5 8 8 4 .5 4 7 4 0 5 .2 0 5 5 7 1
C A R B -L O C O 4 .5 7 8 2 5 0 .1 9 9 7 2 7 4 .8 0 2 9 9 2 .1 8 4 7 8 8
C A R B -T O X IC 4 .6 4 2 7 7 5 .1 9 1 0 5 4 4 .5 9 2 0 8 4 .2 4 9 7 1 7
E P E F E 5 .0 0 7 9 6 0 .1 0 7 8 6 6 4 .6 2 8 7 1 0 .1 0 6 9 6 7
H D E W G  I I 2 .6 9 3 9 1 9 .2 8 8 0 4 2 4 .6 1 6 0 8 0 .1 7 5 0 7 3
S A E 1 9 9 9 -0 1 -1 1 1 7 5 .2 7 1 1 0 7 .2 8 1 7 6 0 N /A N /A
S A E 1 9 9 9 -0 1 -1 4 7 8 4 .8 7 4 0 4 5 .1 4 9 2 4 0 4 .8 5 7 7 4 5 .1 6 0 3 7 9
S A E 1 9 9 9 -0 1 -3 6 0 6 3 .8 1 9 8 5 0 .2 5 4 7 7 1 4 .2 1 6 9 5 1 .3 9 3 2 0 6
S A E 2 0 0 0 -0 1 -2 8 9 0 5 .3 0 0 6 0 0 1 .0 0 4 4 7 0 4 .6 8 8 5 5 5 .1 0 8 9 7 9
S A E 7 9 0 4 9 0 8 .7 4 1 0 0 0 .4 9 2 6 7 6 4 .6 9 1 6 0 5 .2 0 6 1 5 1
S A E 8 5 2 0 7 8 6 .5 8 1 6 6 7 .3 0 2 4 8 4 N /A N /A
S A E 8 8 1 1 7 3 N /A N /A 4 .9 2 7 0 8 4 .2 9 9 5 8 1
S A E 9 0 2 1 7 2 4 .9 0 1 7 2 7 .3 2 9 6 2 1 4 .8 0 2 1 5 5 .3 0 7 9 9 5
S A E 9 0 2 1 7 3 4 .1 5 3 8 8 9 .1 9 2 2 8 4 4 .7 8 3 9 5 2 .0 7 8 0 3 6 1
S A E 9 1 0 7 3 5 9 .6 2 0 0 0 0 .2 0 5 3 8 6 4 .6 5 9 1 3 9 .1 6 9 1 3 4
S A E 9 1 2 4 2 5 N /A N /A 4 .7 3 8 2 2 6 .1 8 6 7 6 4
S A E 9 2 2 2 1 4 5 .2 1 3 0 8 8 .3 1 9 7 9 3 4 .6 7 1 9 7 9 .1 7 0 5 5 6
S A E 9 2 2 2 6 7 4 .8 0 2 5 6 9 .2 8 8 2 6 4 4 .6 8 1 4 1 5 .2 4 5 9 6 9
S A E 9 3 2 6 8 5 5 .3 3 9 9 1 7 .1 8 7 3 8 6 4 .4 8 6 9 7 1 .1 3 4 4 5 1
S A E 9 3 2 7 3 1 3 .8 2 3 0 0 0 .0 6 1 7 5 4 0 4 .4 4 6 1 2 3 .0 8 3 7 4 5 4
S A E 9 3 2 7 3 4 4 .2 1 0 6 2 5 .1 0 5 7 1 0 4 .6 2 3 6 8 5 .2 7 5 4 5 3
S A E 9 3 2 7 6 7 4 .0 9 6 6 6 7 .1 0 0 6 6 4 4 .7 3 6 8 6 3 .0 7 2 7 0 0 7
S A E 9 3 2 8 0 0 4 .2 6 8 0 0 0 .4 5 4 1 7 0 4 .6 8 6 4 9 3 .5 3 9 2 6 5
S A E 9 4 2 0 1 9 4 .3 6 1 8 3 3 .1 3 2 7 3 3 4 .7 1 1 2 9 4 .1 5 3 5 9 2
S A E 9 4 2 0 5 3 4 .6 6 8 3 3 3 .1 5 3 4 1 8 N /A N /A
S A E 9 6 1 9 7 3 5 .7 5 8 7 5 0 .4 4 3 7 1 0 4 .7 2 0 1 7 1 .1 9 3 9 2 3
S A E 9 6 1 9 7 4 4 .9 0 6 7 9 4 .0 1 8 7 7 4 3 N /A N /A
S A E 9 7 0 7 5 8 5 .8 3 9 4 9 6 .5 7 1 8 1 1 4 .6 2 9 4 4 2 .2 5 7 5 2 0
S A E 9 7 1 6 3 5 4 .8 0 7 7 7 8 .1 7 9 4 9 8 4 .5 8 0 0 0 8 .1 7 1 1 5 3
S A E 9 7 2 8 9 4 4 .4 1 3 7 6 3 .0 1 9 9 4 5 7 4 .5 2 5 6 7 0 .0 3 2 0 4 8 1
S A E 9 7 2 8 9 8 4 .3 0 7 1 1 9 .5 2 9 7 8 6 4 .4 3 0 1 3 8 .3 1 7 2 1 8
S A E 9 7 2 9 0 4 3 .9 4 5 5 5 6 .1 8 6 3 2 9 4 .6 2 0 9 6 8 .1 8 0 4 2 1
V E -1 _ P H A S E  I 4 .7 5 4 6 7 1 .2 6 4 0 2 2 4 .8 7 1 1 9 3 .3 1 1 0 5 9
V E -1 _ P H A S E  I I 4 .5 6 2 5 5 7 .2 5 2 2 1 1 4 .7 3 7 0 3 0 .1 9 9 7 7 7
V E  1 0 4 .2 2 6 3 9 8 .2 8 4 7 3 4 4 .6 2 8 4 3 6 .0 7 8 7 4 2 8
T o ta ls 4 .7 4 7 8 3 5 1 .1 5 3 1 7 7 4 .6 8 1 0 5 9 .2 2 1 5 0 9



Actual NOx Vs. Predicted NOx
• The spread of the model predictions is

drastically different from the spread of actual
values.
– Standard deviation of actual NOx measurements in the

database is 1.153 g/bhph. Standard deviation of
predicted NOx measurements is 0.222 g/bhph.

– The 95% confidence interval of actual NOx
measurements in the database is 2.306 g/bhph, whereas
the 95% confidence interval of predicted NOx
measurements in the database is 0.444 g/bhph.

– Range of actual NOx measurements is 2.37-9.86
g/bhph. Range of predicted NOx measurements is 3.94-
5.32 g/bhph.



Other Concerns

• The model goes beyond the scope of the analysis
by estimating percent change in emissions based
on a change from the baseline fuel.
– Staff discussion document originally stated that the most weight in

the model was given to engine type, then relies on fuel properties
to develop the function for percent change in emissions.

• Extrapolation of model equations to account for
expected cleaner fuels produced in the future
cannot be justified in any case.
– The model doesn’t predict accurately for fuels already accounted

for in the database. It would be speculative at best to use the model
for expected fuels.


